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[Pollovlne;  it  t!{M  trantlaCioA  ot  «n  trtielA  cntitltd 
**They  Teach  «  MtefalM  to  RaotgniM  Vitutl  Iitaiiet'',  by 
M.A*  Aytermte  in  tb«  tBetlanoltirigMaE*  pu>>lie«tian  Waukt 
t  Zhltn*  (ScleoM  ai«^  Life),  iU>  12»  i^acaa^r  1962, 
p?  i4*S4,] 


A  seeslen  of  the  Pirisiun  of  Biological  Sciences 
of  the  USSH  Academy  of  Seiencoe  devoted  to  prohleias  of 
■biocybernotics  was  held  ia  Moscow  in  April  of  1962. 

Curing  the  meetings  m8i,-}or  attention  wao  given  to  the 
prohlem  of  machine  a.lmuiatlon  of  varlouri  psychic  fune- 
-  tione  of  humans  and  animals.  A  particularly  interesting 
report  on  this  subject  was  presented  hy  Professor  M*A» 
Ayzerman,  Doctor  of  Engineer ijig  Science,  c.f  the  Institute 
of  Automation  and  Remote  Control.  The  following  is  an 
adaptation  of  thi^  report  prepared  eepeoiaily  for  this 
magazine  hy  the  author. 


STATEKSm-  01^  THE  PHOri^SM 


The  investigations,  conducted  Ijy  Sngineer  E.M. 
Braverman  with  the  aid  of  Sngineers  O.A.  Bashkirov  and 
I.B.  Muohnik,  which  I  ohail  discuss  a^’e  tho  firet  st?ige 
in  a  major  Joint  study  directed  ty  th..  lahoratory  which 
I  head  and  the  iLahoratory  of  Biooyheriieticf  headed  hy 
Professor  S.l*.  Braynes  (of  the  A.V.  Vishnevekyy  Institute 
of  Surgery  of  the  USSR  Academy  of  Medical  Sclenoes). 

The  ohjeetivo  of  the  entire  study  is  to  attempt 
to  approach  an  understanding  of  the  mechanism  of  learn¬ 
ing  to  recognize  visual  images  and  tr^  develop  the  sinv- 
plest  possihle  methods  for  uhe  reproduction  of  this  pro¬ 
cess  on  general-purpose  digital  computers. 

When  we  apeak  of  learning  to  recognize  visual 
images  we  have  in  mind  the  following  two  different  learn¬ 
ing  proeessee  which  are  well  knovm  to  ell  of  us  from  our 
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j  indlTidual  experience.  j 

'  When  tho  »chool  teacher  wants  to  teach  a  child  to 

differentiate  a  triangle,  for  exampia,  from  ether  gec- 
metrie  figures  he  suggests  that  the  student  count  the 
number  of  angles  in  the  figure,  that  Is  he  gives  the  stu¬ 
dent  a  plan  of  action  --  a  recognition  algorithm.  The 
student  remembers  thii?  plan  and  with  its  help  recognizes 
figares  later  shown  to  him.  Th^s  understanding  of  the 
term  "learning"  is  not  of  interest  to  ua  sxr.ce  if  the 
algorithm  of  a  recognition  process  is  known  then  there 
is  no  difficulty  in  simulating  it  , 

But  there  is  another  learning  process  associated 
with  an  ability  of  tha  human  mind  %hich  we  do  not  yet 
under  stand.  Consider  the  following  examrle.  If  we  take 
n^ny  different  shapes  of  the  letters  a  and  h  and  show 
them  to  a  student  who  does  not  know  the  letters  and  sim¬ 
ply  say  "this  is  the  letter  a-%  '^this  in  the  letter  b", 
then  after  some  time  he  ie  able  to  differentiate  the 
letter  a  from  ths  letter  b  and  not  only  in  the  par¬ 
ticular  forms  which  were  shown  to  him  but  In  any  other 
form. 

Hote  that  in  this  case  the  teacher  not  only  dees 
not  explain  how  to  differentiate  the  letters  he  does  not 
know  exactly  how  he  does  this  himself. 

A  machine  reproduction  of  precisely  this  process 
of  learning  was  ths  objective  of  the  first  stage  of  our 
study. 

So  fai*,  in  ueing  the  term  "visual  image",  I  was 
werking  only  on  the  basis  cf  Intuition.  Let’s  try  to 
give  a  more  precise  definition  of  thit.-  corcept. 

By  visual  image  we  understand  an  infinite  number 
of  visual  perceptions,  for  example  the  result  of  obser¬ 
vation  of  various  plane  figures  which  are  notable  for 
tho  following  reason*  individuals  who  hav.-^  r.aen  only 
certain  representativsa  of  this  number  can  confidently 
relate  others  which  he  has  never  seen  to  a  particular 
category. 

Per  example,  a  set  of  portraits  of  all  the  par- 
tielpantg'in  some  sort  of  meeting  is  not  an  image.  A 
person  who  had  not  been  there,  when  shovm  any  of  these 
portraits,  could  not  when  shown  a  new  poi trait  say 
whether  or  not  the  individual  shown  in  the  now  portrait 
took  part  in  the  meeting.  But  tVic  concept  "man *8  por¬ 
trait"  is  an  image.  Although  no  one  has  ever  seen  por¬ 
traits  of  all  men,  anyone  wlio  looks  at  a  new  portrait  can 
I  with  a  great  degree  of  certainty  say  whether  or  not  it  is  j 
LiL. portrait  of  a  man.  Other  examples  of  images  are  eon-  — ' 
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I  cepls  such  ».3  "the  nuahor  >  "the  letter  "a  circle",”! 
'  etc. 

When  we  talk  of  teaching  e  machine  to  recognize 
visual  images  we  have  in  mind  the  following  experiment. 
Imagine  that  a  screen  (Fig  1)  is  composed  of  a  large 
nwmher  of  photoelomente  on  vtoicVi  we  project  some  sort 
of  image,  for  example  the  outline  o^’  the  numhem  2  and  3. 

A  current  travels  along  a  wire  from  each  phctoolement  to 
a  device  which  we  call  the  machine. 


Pig.  1. 


Schematic  of  the  experioient.  The  object  is 
projected  on  the  phctoelam 'nte  «•“  receptors. 
Information  about  the  state  of  the  receptors 
(current  from  the  photoeifsBente)  ia  fod  to 
the  machine.  In  the  learning  process  a 
special  signal  (pressing  of  a  knob  on  the 
panel  for  example)  telle  the  machine  to  wtiich 
image  the  projectrd  object  belongs.  After 
learning,  the  machine  is  able  to  guess  (and 
light  up  the  corresponding  panel)  to  which 
image  the  object  belongs. 


In  the  learning  process  we  select  several,  say 
20,  outlines  of  the  numberB2  and  3  from  among  the  in¬ 
finite  number  of  possible  outlines  and  show  them  to  the 
machine  by  projecting  tlurni  on  the  phctograrhic  field. 

By  preasing  a  specific  knob  during  each  demonstration 
v^e  tell  the  machine*  ve  showed  you  a  2,  3,  vte.  After 
we  have  shown  all  the  selected  figures  the  learning  pro¬ 
cess  io  terminated  and  the  knobs  are  turned  off.  Then  we 
projected  on  the  screen  previously  unused  outlines  of 


fg'B  and  3's.  By  use  of  somo  sort  jf  conditioned  signal 
'  (t-arning  on  a  panel  light  for  ercample^  the  machine  should 
ansv/er  the  Question t  "vn-at  ta  this***- 

Ve  will  he  ahle  to  e ay  that  we  have  reproduced  the 
learning  process  if  in  the  overwhelmlnt;  majority  of  the 
cases  the  machine  gives  the  correct  answers* 

But  this  is  still  not  all*  Ve  require  that  with¬ 
out  any  changes  in  the  machine  desl^^n  or  program  it  he 
ahle  to  repeat  this  same  experiment  using  new  images,  for 
example  we  should  he  ahle  hy  the  same  procedure  to  retrain 
the  machine  to  recognize  letters,  geometric  figures,  or 
tc  train  it  to  differentiate  "between  portraits  of  men  and 
v/otnen,  etc. 


THE  COItPACTNESS  HyPOTHEoIS 


In  this  statement  of  the  prchlem  it  is  not  Icnown 
ahead  of  time  what  specific  images  thw  laadiine  is  tc  he 
taught  tc  recognize.  This  means  that  it  will  not  "be 
possible  to  store  in  its  program  a  collectivn  of  signs 
suitable  for  r.he  recognition  of  a  given  image* 

We  can  see  only  iwo  riethcds  which  miLht  aid  in 
the  solution  of  this  problem.  Either  the  machine  pro¬ 
gram  should  contain  o  ma.ny  of  the  mcso  varied  signs 
(which  are  either  stored  ahead  cf  time  in  the  machine 
or  evolved  hy  the  mf..cnine)  sc  that  tnis  collection  will. 

"be  adequate  for  the  recognit.’.on  of  differeni-  images  or 
it  is  necessary  to  find  and  insert  into  the  program  either 
one  or  a  small  number  of  univer.sal  signs  which  are  fund¬ 
amental  to  the  very  concept  of  "inm^ge”* 

It  seems  to  us  that  such  a  universal  sign  exists 
and  that  It  is  closely  allied  with  the  definition  of  the 
concept  of  "image**.  This  sign  might  he  formulated  in 
the  form  of  the  hypothesis  proposed  hy  E.M.  Braverman  and 
called  the  "compactness  hypothesis". 

Ws  will  begin  our  explanation  with  a  specific 
example.  Figure  2  shows  several  outlines  of  the  figures 
5  and  3.  If  we  were  to  ask  a  lorge  group  of  people  what 
each  of  these  figures  is,  it  is  obvious  that  there  wi."!! 
he  complete  agreement  that  the  upper  row  contains  5’s 
and  the  lower  row  S’s.  As  for  the  figures  in  the  centhr 
row  there  will  he  disagreement  and  there  will  not  he  an 
overwhelming  majority  for  either  the  3  or  the  5* 

Consider  the  following  situation.  If  we  in  some 
arbitrary  fashion  slightly  modify  any  figure  of  the  upper 
or  lower  row  then  these  new  figures  will  he  easily  re-  j 


t 


4 


JT'vi,'^/ 1 '  ■  j  I -^Z  I.  “  f !  T  r  !,-■'  ■  I  4  / 

- - 


55  5  5 

55^3 

5  5  5  3 


/'  /H  '\ 

\  <5®.-'  /O  \ 

'  /  i>‘‘ 


’■ 


Fig.  2. 


The  nuiceral  5  is  gradual3.y  trs’i^formed  into 
the  nvuaeral  3.  If  we  could  "see"  in  ctulti- 
dimengional  apace  we  would  saa  approximately 
the  following  patterni  the-  dashed  line  to  the 
left  enclosing  the  5*3  areat  the  daBhed  line 
to  the  right  enclosing  the  3’ a  ■T.rea,  with  the 
sttall  circled  figures  located  in  one  or  an¬ 
other  of  the  dashed  enc losuree  or  between 
these  enclosures  corresponding  to  the  fig¬ 
ures  of  the  upper  portion  of  the  diagram. 

cogniised*  At  the  aaioe  tine  the  extreme  left  5  and  the 
extreme  right  3  in  the  center  row  will  cease  to  he  easily 
recognized  only  in  the  easy  of  certain  specific  changes 
(deformation  of  the  upper  parts)  and  in  the  case  of  any 
other  slight  changes  these  figures  continue  to  he  easily  j 
Xiiiccignized*  The  compactness  hypotheeio  expreaeea  this  — I 
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j  o'bvicus  fact  and  considere  ihst  It  ie  ccfusion  to  all  iraage^ 
'  We  shall  now  formulate  this  hypothesis  in  more  pre¬ 

cise  terms.  Consider  that  our  screen  contains  only  two 
phctoelements  (Pig  3, a).  If  we  lay  off  along  the  coordin¬ 
ate  axes  the  status  of  each  of  these  eJements  we  will  he 
able  to  characterize  the  statue  of  the  photo  screen  by  a 
point  on  a  plans.  If  the  soreeri  consists  of  three  elements 
(Fig  3,b)  and  is  considered  as  a  three-dimer.'S  1  onal  space 
along  the  coordinate  axes  of  which  ^ire  layed  off  the  sta¬ 
tus  of  the  phctoelements  then  the  point  v^f  this  space  char¬ 
acterizes  the  three-element  screen.  Similarly,  a  screen 
containing  n  photoelemente  can  be  plotted  in  the  corres¬ 
ponding  n-dimen!jionril  space  so  that  a  point  of  this  space 
corresponde  to  every  state  of  the  screen.  Ve  call  this 
the  receptor  space  (Fig  3,e). 
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Fig.  3. 

The  status  of  two  phot ©elements  is  des¬ 
cribed  by  a  point  on  a  plane  in  a  two- 
dimensional  epace  (a)|  the  status  of 
three  elements  hy  a  point  in  three- 
dimensional  space  (b)|  the  status  of  the 
photoelementa  when  an  image  is  projected 
on  them  is  described  by  a  point  in  nmlti- 
dlmenaional  space  (c). 


Let’s  project  some  sort  of  image  on  the  screen. 
All  the  elements  will  take  on  some  state,  that  is  a 
definite  state  of  the  screen  will  correspond  to  the 
given  image  and  thus  to  a  specific  point  in  the  re¬ 
ceptor  space. 

_ _  The  eompactnees  hypothesie  states  that  to  all  the 
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patterns  making  up  any  image  In  a  space  there  corresponds | 
an  area  and  that  for  different  imaijec.  thare  are  corres¬ 
ponding  different  areas  which  do  not  have  common  pointe. 

Prom  now  on,  when  ve  ecnrlder  such  a  n-dimenel  onal 
Image  we  will  arhltrarily  show  it  on  a  plane  (see  lover 
half  of  Pig  2). 

Using  the  aonside'"atioae  deserihed  sihove  we  will 
nov  formulate  the  prohlem  of  teaching  a  machine  to  re¬ 
cognise  visual  images*  In  the  receptor  space  there  are 
really  two  separate  areas  —  one  of  them  oorresponcis to 
the  first  Image,  the  nian'ber  6  for  example,  and  the  second 
corresponds  to  the  second  image,  the  ntxmber  3.  Por  the 
sake  of  simplicity  we  will  from  now  on  always  he  talking 
about  teaching  a  machine  to  recognico  tvo  images.  Ac¬ 
tually  there  could  he  any  number  of  images  without  re¬ 
quiring  any  change  in  proposed  teaching  algorithm*  The 
houndariea  of  the  area,o  are  not  known  ahead  of  time.  In 
the  process  of  teaehirig  the  machine  is  shown  some  quantity 
of  randomly  selected  representative's  of  these  Images, 
that  is  some  quantity  of  random  pointu  fX'M  the  first 
and  second  areas.  A  prohlem  is  presented  to  the  machines 
knowing  only  these  points,  to  draw  a  separating  surface 
so  that  the  areas  are  located  on  opposite  sides  of  the 
surface. 

After  ecnpleticn  of  the  teaching  process,  when  new 
images,  or  what  is  tna  same  thing  new  points  in  the  re¬ 
ceptor  epacQ,  are  shown  tha  machine  will  he  ehle  to  answer 
the  question  of  which  image  these  pointe  correspond  to. 

And  it  will  he  ahle  to  solve  thia  only  as  a  function  of 
which  side  of  the  separating  uxirfaca  the  points  lie  on. 

If  the  separating  surface  is  drawn  properly  assd  the 
areas  arc  completely  separated  by  it  then  the  answer  will 
always  he  correct  no  matter  hev  rany  new  patterns  associa¬ 
ted  with  these  images  aro  sshovn. 

AL(K)HITHKS  07  TEI  LSARiriTQ  PB0CE3S 

Two  machine  algorlthma  were  proposed  for  the  so¬ 
lution  of  the  problem  of  the  drawing  of  the  separating 
surfaca* 

The  first  is  the  algorithms  of  tha  "random  planes"* 
Assutme  that  in  the  learning  process  two  points  first 
appeared  and  the  machine  was  told  that  th<i^  oorreapondad 
to  different  imagaa  (the  number  0  and  1  appeared,  for 
instance)*  Then  the  machine  will  draw  a  plane  idiioh  is 
[selected  at  random  hut  with  one  limit  lug  ecnditloni  It 


'  asust  3epfi.ra.te  the  pointe  (Pig  4, a).  If  anothpr  point  now  | 
‘  ap;pearB  and  it  is  found  *:hat  there  are  two  points  helong- 
Irig  to  different  images  ani  v.hich  are  not  separated  hy 
the  plane  then  ft  new  random  plane  is  drawn  separating 
them  (Pig  4,15)  and  this  is  continued  throughout  the  learn¬ 
ing  process* 

And  thus  at  the  end  of  the  learning  process  there 
la  stored  in  the  memory  of  the  nmchine  a  large  number  of 
randcmly  dram  planes  (Pig  4,e).  They  d.i'vide  the  entire 
space  into  areas  which  contain  similsr  points  or  which 
may  contain  no  points  at  all.  If  on  both  sides  of  any 
plane  (or  part  of  a  plane)  there  lie  Idantl  al  areas  then 
this  plane  is  hot  required  in  order  to  separate  the  areas. 
Tlierefore,  after  the  learniai.;  process  Is  completed  in 
accordance  with  a  specif ie  algorithm  we  • erase"  the  pieces 
of  the  planes  on  both  sides  of  which  similar  points  are 
located  or  the  pieces  of  planes  on  one  aide  of  which  are 
located  points  used  in  tho  learning  while  no  points  at 
all  are  found  on  the  other  side*  As  a  resuxt.  a  surface 
is  formed  which  oonsiste  of  pieces  of  rlanec  (Pig  4,d)« 

The  surface  thus  formed  is  taken  to  be  a  separation  sur¬ 
face.  In  the  future  when  a  new  pattern  is  shown  --  new 
points  appear  —  the  machine  will  anewer  the  question  of 
What  Is  this  form  on  the  basis  of  which  side  of  the  sur¬ 
face  the  point  lies  on. 

As  a  rule,  howerer,  the  constructed  surface  will 
not  separate  the  areas  precisely  (as  shown  in  Pig  4,d) 
and  as  a  result  the  machine  will  err.  ' 


It  is  poeelhle  to  drastically  reduce  the  number 
of  errors  In  the  following  manner.  Imagine  that  sereral 
machines  are  being  subjected  to  the  learning  process  at 
the  same  time.  Since  the  planes  are  drawn  in  a  random 
fashion  each  machine  will  draw  different  separating  sur¬ 
faces  which  means  that  each  machine  will  err  on  different 
patterns.  Kow  if  in  tho  recognition  of  an  unknown  object 
the  decision  la  made  on  the  'basis  of  a  majority  yote  of 
all  the  machines  then  it  is  clear  that  the  probability 
of  eoirrecl}  answers  will  Increase  sharply.  This  method 
has  been  given  the  name  of  "paralleled  alt srnat Ives" . 

Now  ccnaider  the  second  algorithm  which  is  based 
on  the  construct ion  of  potential  surfaces.  In  the  learn¬ 
ing  process  when  any  sort  of  point  is  shown  to  the  msi- 
ohine  it  constructs  a  function  Which  reaches  a  maximum 
at  the  given  point  and,  while  remaining  pouitlve,  reduces 
on  departure  from  the  point  in  say  direction.  As  the  ma¬ 
chine  is  shown  more  points  belonging  to  a  particular  area 
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The  *randoa  planes*  algorithms  a  «  in  the  receptor  space 
appear  two  points  corresponding  to  different  images  and 
they  are  separated  hy  the  plane;  h  -  the  thjrd  point  falls 
on  the  same  side  of  the  first  plane  as  the  point  helonglng 
to  the  other  image  and  therefore  they  are  separated  liy 
a  new  plane,  and  sc  on;  e  «  the  learning  is  completed  and 
all  the  points  ars  separated  from  all  the  aeterislcs 
planee;  d  -  the  superfluous  planes  and  pieecs  of  planes 
I  are  removed  leaving  only  the  separating  surface*  | 
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it  ccnotructs  these  fi;incticn8  for  each  of  these  points 
and  then  adds  them*  As  a  result  the  machine  constructs 
a  potential  surface  vhdch  has  a  maxiatuia  valtae  ("hump") 
at  the  points  of  the  area  and  reduces  sharply  away  from 
these  points* 

In  a  similar  way  the  machine  constructs  a  function 
having  a  "hump"  at  the  point  helonglng  to  the  second  area. 

The  learning  process  is  terminates  hy  the  construc¬ 
tion  of  this  potential  function.  In  the  recognition  of 
•‘unknown"  objects,  that  is  when  new  points  appear  in  the 
receptor  space,  the  machine  relates  them  to  that  area 
whose  "potential"  is  greatest  at  that  point.  In  the  case 
of  the  second  algorithm  the  separating  surface  is  the  pro¬ 
jection  of  the  line  of  intersection  of  the  constructed 
potential  surfaces. 
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Algorithm  of  potential  surfaces.  During  the 
learning  process  there  are  as  many  functions 
constructed  in  tbs  receptor  space  as  there^ 
are  Images  which  the  machine  it.  to  he  taught’ 
to  recognise-  Each  function  corresponds  to 
a  single  image,  it  has  a  ’hump*  over  the  area 
belonging  to  this  image,  end  decreases  away 
from  that  area.  In  the  recognition  of  a  new 
object  the  maohln^  takes  into  oonslderation 
the  value  of  each  function  at  the  point  cor¬ 
responding  to  this  object  and  relates  the  un¬ 
known  object  to  that  Image  whose  function  has 
the  greatest  value  at  this  point. 
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In  order  to  verify  the  compactneBs  hypothesis  and 
the  two  algorithms  which  ve  hove  described  experiments 
wore  oondticted  on  a  general-purpose  digital  computer. 

In  the  experimente  using  the  first  algorithm  we 
prepared  160  outlines  each  of  five  figures i  0,1,2,?-,  and 
5,  or  a  total  of  SCO  outlines  of  numbers.  We  chose  40 
shapes  of  each  numeral  to  use  for  the  learning  r.rccess 
(the  ether  600  were  used  for  the  subsequent  testing  of 
the  machine).  • 

In  each  rase  the  number  of  correct  answers  given 
hy  the  machine  ranged  nr.  high  as  6V5^  and  in  the  cane  of 
the  '•paralleled*'  procedure  ran  as  high  as  98*^^.  At  the 
end  of  the  learning  process  from  1,500  to  ?,000  of  the 
binary  memory  vinJts  of  the  machine  were  occupied. 

In  the  aeries  of  experiments  using  the  second 
algorithm  we  used  either  five  or  all  ten  of  the  digits 
simultaneously.  In  thin  case  v/e  used  only  a  cuarter 
03  many  samples  of  each  number,  iO,  in  the  -earning  pro¬ 
cess.  The  machine  gave  100?^  correct  anowere  using  this 
algorithm  to  differentiate  ins  five  digits  (out  of  750 
interrogntiona ) .  During  the  tests  wii'a  •*  -aching  the 
machine  to  recognise  simultaneously  all  ten  digits  the 
figure  of  correct  answers  war,  obtained  in  1,400  in¬ 
terrogations.  It  is  now  clear  to  ue  that  is  is  necessary 
to  improve  the  algcrithtn  in  order  to  got  «  figure  of  100% 
correct  answers  in  this  case. 
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These  diagrams  clarify  the  concept  of  compact¬ 
ness.  On  the  left  the  crosses  and  zeros  are 
not  placed  compactly  and  if  you  try  to  separate 
them  with  a  single  curve  you  will  find  it  very 
difficult.  On  the  right  the  oroases  and  zeros 
are  positioned  compactly  and  it  is  very  easy 
to  draw  a  separating  curve. 
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At  the  pr«aent  tiisie  expert  went «  are  being  conducted^ 
on  the  use  of  the  algorithms  described  to  teach  machines 
to  recognize  more  complex  images »  for  example  to  recognize 
siraultaneoticly  all  ^he  letters  of  the  Ktisnlan  alphabet 
written  in  scrlptf  to  recognize  letters  set  in  differing 
typographical  characters,  to  operate  in  the  presence  of 
“noise**  (smears,  blots,  random  shifts  of  the  letters,  etc.), 
to  diff erenti.'-A’e  male  and  female  pcrtralts  shown  both  front- 
face  and  profile?,  etc.  Altho’^gh  these  experiments  have  not 
been  completed  the  succesaful  results  of  the  tests  with 
the  numerals  lo  encouraging  and  we  belleTe  that  we  will 
be  able  to  achieve  good  results -In  the  wore  complex  oases. 


I 
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really  lore  nature 


Don’t  cry,  we’ll 
scon  be  adults,  too 
(£)-  children  under 
16  not  admitted* 


In  conclusion  I  should  like  to  mention  the  physio¬ 
logical  end  psychological  experiments  which  are  being  con¬ 
ducted  during  this  program  under  the  direction  of  Professor 
S.JT.  Braynes  in  the  USSR  Academy  of  KedleaJ  Sciences.  These 
tests  have  only  recently  been  initiated  and  it  is  still  too 
early  to  discuss  their  reaults  but  the  preliminary  data  ^ 

are  very  interesting. 

The  psychological  teats  are  being  conducted  with 
two  series  of  blots.  Kacb  series  contains  150  blots  spe-  v 

dally  ’’drawn.’’  for  these  tests  by  machine  so  that  all  the 
blots  of  a  given  series  belong  in  the  receptor  space  of 
one  area  and  all  the  blots  of  the  second  series  belong  in 
the  other  area. 

During  the  experiments  intermixed  blote  of  the  two  I 
Iseries  are  shown  rapidly  to  children  and  they  are  asked  .-4 
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j  tc  separate  them  iiito  the  tvo  eioupa.  ?.lncc  the  hlote 
are  dercid  of  aji.y  sort  ol  meaninp^  and  the  outlines  are 
random  they  can  net  he  dif 1 arentiated  hy  means  of  any 
simple,  Immedtetely  apparent  featurea.  Successful  com¬ 
pletion  of  this  experiment  would  he  strens?  proof  in  fa¬ 
vor  of  the  Guneept  that  living  organisms  recognize  such 
varieties  of  simple,  "meaningless'*  images  simply  as  a 
result  of  their  oompectnese ♦ 

The  physiological  teats,  which  are  akin  to  the 
psychological  tests  ,5hat  descrlhed,  are  being  conducted 
using  rats,  arid  monkeys*  Attempts  are  heing  tvide  to 
develop  in  the  animals  reflexes  to  the  appearance  of 
blots  freai  different  series  end  from  the  reaction  of 
the  animal  to  judge  to  what  extent  he  '  i;  able  to  dif¬ 
ferentiate  hlote  >^ich  are  similar  or  diff erent iated 
in  only  one  feature  — -  they  cr-rreopoud  to  points  form¬ 
ing  different  arees  in  the  receptor  space. 

At  present  it  is  difficult  tc  Judge  lu^t  what  all 
this  study  will  mean  fer  hiolcgy  end  physiology.  But 
for  the  field  of  engineering  it  is  elesriy  ccnslder- 
ehle  importance  since  it  permits  us  to  hops  for  signi¬ 
ficant  expansion  in  the  capabilities  of  machines.  Today 
If  machines  are  to  perform  different  functir?is  it  is 
necessary  to  construct  (progran)  them  differently.  But 
nov  we  have  some  hope  that  the  machines  c-m  be  taught 
differently  If  trained  differently  rather  than  built  dif. 
ferently.  it  is  difficult  to  overestimate  the  possibil¬ 
ities  which  this  opens  up  i>i  techno  logy «  ' 
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li.ose  penguins  were  brought  from  Antartlca  In 
May  )f  1962  end  are  nev  in  the  laboratory  of 
Pz'oiessor  3.M*  Braynes*  They  ere  to  be  used  in 
experiments  on  imege  recognition. 
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